Abstract
Objective-To determine whether certain sexually transmitted diseases are independent risk factors for HIV transmission in a cohort of homosexual men. Methods-Eligible cases were identified as those who had seroconverted between November 1982 and November 1990. Two persistently HIV-seronegative control participants were randomly selected for each case from all participants who remained seronegative in November 1990. For cases, risk factor data were taken from an index visit which was defined as the first seropositive visit, while for controls these data were obtained from a matched visit which occurred within two months of the index visit for the corresponding case. MantelHaenszel methods and logistic regression were used to compare differences in risk factors for seroconversion between cases and controls. Results-A total of 125 cases and 250 controls were eligible for this study. Cases were significantly more likely to have had reported any gonorrhoea (17% versus 6%; OR = 2.94; 95% CI: 1.51-5.73) or syphilis (7% versus 2%; OR = 3.78; 95% CI: 1-33-10.79) than controls during the seroconversion period. Multivariate logistic regression revealed rectal gonorrhoea to be independently associated with risk of seroconversion (odds ratio = 3*18; p = 0.044), whereas urethral gonorrhoea (p = 0.479) and pharyngeal gonorrhoea (p = 0.434) were not after inclusion of rectal gonorrhoea. In addition, the following variables were also shown to exert an independent effect on seroconversion: frequency of anal intercourse, use of illicit drugs, number of male sexual partners, and lack of a post-secondary education. Conclusions-In this observational study, rectal gonorrhoea was found to be associated with HIV seroconversion after adjustment for a number of HIV risk factors. We cannot rule out that rectal gonorrhoea was not directly associated with HIV infection but rather with other residual lifestyle factors not fully adjusted for in the analysis. However, the relationship with gonococcal involvement of a specific anatomic site lends support to a biological association between gonorrhoea and HIV infection, rather than to alternative non-biologic explanations. Our findings Introduction There is growing evidence that sexually transmitted diseases act as important cofactors for HIV transmission. In sub-Saharan Africa, heterosexual transmission of HIV has been shown to be enhanced by genital or anorectal ulcerative disease, largely due to chancroid. -4 The hypothesis that ulcers act as portals for HIV transmission has been supported by the isolation of HIV from exudates taken from chancroid ulcers in Nairobi.5 In North America, herpes simplex virus type 2 has been shown to be a risk factor for concurrent or subsequent HIV infection in homosexual men.67
A potential association between non-ulcerative diseases such as chlamydia infection or gonorrhoea and HIV transmission has been less well described.8 However, a recent study in Zaire found chlamydia, gonorrhoea, and trichomoniasis to all be independently associated with HIV seroconversion in women after simultaneously controlling for condom use and number of sexual partners.9 A Kenyan study has also shown genital chlamydia infection to be associated with heterosexual HIV transmission.3 In North America there has been limited evidence of an association between gonorrhoea and seroconversion in both heterosexuals and homosexuals.'0 11 In this study, we conducted a nested casecontrol analysis to determine whether certain ulcerative and non-ulcerative sexually transmitted diseases act as independent risk factors for HIV infection within a cohort of homosexual men.
Methods
The methods and aims of the Vancouver Lymphadenopathy-AIDS Study (VLAS) have were obtained from the first visit at which the participant was found to be seropositive, denoted the index visit. This choice was made in order to utilise the questionnaire which elicited information pertaining most closely to the seroconversion interval. For controls, risk factor data were obtained from the corresponding visit which occurred within two months of the index visit for the corresponding case.
Univariate comparisons between cases and control groups were carried out using MantelHaenszel methods. Fisher's exact test was employed when more than 25% of the expected cell frequencies were less than five. Unadjusted relative risk estimates were computed using the odds ratio. Ninety five per cent confidence intervals were approximated using test-based limits proposed by Miettinen. 14 (15) 29 (12) 1-36 (0-73, 2-53) (12) 12 (5) 2-75
(1-25, 5-83) Table 3 compares cases and controls with respect to infectious diseases reported since the previous questionnaire. Men who had seroconverted were more likely to have reported having had syphilis (7% versus 2%;
Fisher's p = 0-019). Marginal differences were observed for intestinal parasites (11 % versus 6%; p = 0-053) and pubic lice (29% versus 21%; p = 0-059) and no differences were detected for non-specific urethritis, herpes simplex, mononucleosis, hepatitis, and venereal warts. (odds ratio = 3-18; p = 0-044), whereas urethral gonorrhoea (p = 0-479) and pharyngeal gonorrhoea (p = 0-434) were not after inclusion of rectal gonorrhoea. In addition, the following variables were also shown to exert an independent effect on seroconversion: frequency of anal intercourse, use of illicit drugs, number of male sexual partners, and lack of a post-secondary education.
Because some cases had long seroconversion intervals, we conducted a restricted analysis using cases whose estimated dates of seroconversion occurred within 12 
Discussion
In this nested case-control study, a history of rectal gonorrhoea during the interval encompassing seroconversion was the only selfreported sexually transmitted disease that appeared to act as an independent risk factor for HIV transmission based on multivariate analyses. Rectal gonorrhoea together with frequency of anal intercourse, number of male sexual partners, use of illicit drugs, and lack of a post-secondary education were shown to be independently associated with HIV infection.
Our results once again confirm other epidemiological studies which have demonstrated that anal intercourse, number of sexual partners, illicit drug use, and socioeconomic status are independent risk factors for HIV transmission. The frequency of anal intercourse has been uniformly shown to be one of the more important independent behavioural risk factors for this disease.'5 16 Number of sexual partners has similarly been demonstrated to be an important predictor of seroconversion.' 117 Heavy illicit drug use by men who had seroconverted, especially the use of nitrite inhalants, is also important considering that a number of studies'819 have shown drug use to be associated with high risk sexual behaviour among homosexual men. Finally, low socioeconomic status (as measured by variables such as education, income, and occupation) has been shown on numerous occasions to be an independent predictor of high risk taking behaviour20 and initial HIV infection and prognosis. 2' There are a number of caveats regarding these data which should be discussed. The timing of our questionnaires as well as the variable window period between exposure and seroconversion do not allow us to conclude that a self-reported sexually transmitted disease such as gonorrhoea was necessarily active precisely at the time of the critical HIV exposure. This would require a longitudinal design of a large number of subjects including very frequent testing for both sexually transmitted diseases and HIV. In addition, although individual participants provided us with estimates of their number of sexual partners, we could not determine nor take into account the number of HIV-infected sexual partners to which an individual was exposed, the extent of exposure to each partner (duration and type of exposure) and the degree of infectivity of each partner.22 Finally, there may be recall problems associated with the reporting of past sexual behaviour or sexually transmitted diseases.23 Although the effect of these recall problems is difficult to estimate, several studies have shown that interview-administered and self-administered questionnaires can provide reasonably reliable data concerning sexual behaviour in homosexual men when the recall period is relatively short.2425 In our study, information regarding the sexual practices of the cases was obtained from the questionnaire at the first seropositive visit. Except for those men who had a seroconversion illness and suspected themselves to be positive on that basis, the cases in this study were unaware of their seropositive status at the time of the index questionnaire completion. This might have mitigated against significant recall bias.
The difficulties in analysing the complex relationship of sexual behaviours and sexually transmitted diseases are well known. 22 The most important limitation in assessing a sexually transmitted disease associated with HIV transmission in an observational study concerns the inherent difficulty in distinguishing biological cofactors from non-biological mechanisms, including the inadequate control of confounders or differential misclassification within the variables under consideration for inclusion in the statistical model. Although rectal gonorrhoea remained associated with HIV seroconversion after adjustment for frequency of anal intercourse, use of illicit drugs, number of male sexual partners, and lack of a post-secondary education, the possibility must be acknowledged that rectal gonorrhoea was not directly associated with HIV infection but rather with other residual lifestyle factors not fully captured in the model. However, our finding that the observed association between rectal gonorrhoea and HIV seroconversion was both independent of a number of potential confounders, and related to gonococcal involvement of a specific anatomic site lends support to a biological association between gonorrhoea and HIV infection, rather than to the alternative non-biological explanations. Although the possibility of residual confounding exists even in a multivariate analysis, the latter explanation would not appear to account for a differential association related to site of infection as easily as an explanation invoking a direct biological mechanism facilitating transmission.
Such a direct association might be explained by postulating that 
